Introduction

37
Volatile organic compounds (VOCs) had adverse effects on environment and human 
60
This present paper was to extend previous research at lab scale (Assadi at al., 2014a; Assadi et al., 2014b) by adding a new investigation about pilot scale of surface plasma application.
62
Moreover, a special attention was given to high flow rate parameter (from 250 to 500 m 3 .h -1 )
63
and its effect on the reactor performance, which is innovative in comparison to the latter studies. Here, isovaleraldehyde (isoval) was chosen since this pollutant was the main molecule detected in the exhaust gases from animal quartering centers (ADEME, 2005).
66
Another goal of the present work is to investigate different reactors scales (laboratory and 67 pilot) in order to see the possibility of the scale-up of the process.
The used experimental setup was structured as follows: (i) continuous reactors, (ii) plasma system and (iii) analysis set-up. The experiments were carried out in ambient conditions, i.e. room temperature and pressure.
79
Two lab scale reactors were tested. The first one, planar reactor, consisted of a 80 rectangular cross section (135 mm × 135 mm) and is 1 m length. It contained two plates, 4 81 mm thickness, which were arranged parallel to the length of the reactor and permit to hold 82 up the two electrodes (Fig.1b) . The second one, cylindrical reactor, was composed 83 principally of a glass tube (58 mm id and 100 cm length). It was covered by a copper grid
84
forming the outer electrode. The glass tube, 4 mm thickness, acts as the dielectric media. The
85
High Voltage (HV) electrode was a helicoidally wire shaped as a coil spring in close contact
86
with the inner wall of the reactor (Fig. 1a) . A detailed description of the geometry of the 
96
The unit comprised a pre-ltration box, a cooling bank, an electric heater (box no. 1), a vapor The air-isovaleraldehyde gas mixture was prepared by passing synthetic air (Air Liquide) 125 through liquid isovaleraldehyde (Sigma-Aldrich, 97%). In fact, the pollutant (liquid) was 126 firstly pressurized with air in a stainless steel tank (500 mL). Then, it was heated, vaporized
127
and mixed with a zero-air ow in an especially designed Bronkhorst vaporization/mixing 128 chamber (CEM). In these conditions, the inlet concentrations ranged from 2 to 10 mg.m 
144
The specific energy (SE) was defined as the energy deposited per unit volume of the gas flow:
146
where P was the input power (W) and Q denoted the total gas flow rate ( m 3 .s 1 ).
147
To evaluate the plasma process, the following parameters are employed:
148
The removal capacity (R) which was calculated from:
where IRE(%) isovaleraldehyde removal was defined as The reactor was already being ushed under surface discharge for 1hour when we 176 started sampling for analysis. Indeed, the inlet and outlet gas were then sampled manually.
177
The experiments which were repeated two times; showed a good reproducibility with 178 5% standard deviation. This standard deviation was represented by vertical bars in the
179
experimental results in all figures.
180
Moreover, the performance of pollutant removal using the pilot unit (500 m 3 .h 
215
In fact, the energy cost for conversion was higher for lower isoval initial concentrations, 216 exceeding 2.9 keV/molecule for the lowest concentration investigated (3 mg/m 3 ). On the 217 other hand, we noted that energy cost was flow rate independent because when we 218 increased the flow rate we must increase also the power in order to keep SE constant. At pilot scale, the detected by-products were acetone (CH 3 COCH 3 ), acetic acid
226
(CH 3 COOH), CO and CO 2 . We note that these by-products were similar to those seen at 
288
showed that the removal capacities with Pilot scale were about six times higher than that 289 of the laboratory reactors, regarding to flow rate and plasma surface involved.
290
Moreover, at high value of flow rate, the mass transfer was not a limited step. Thus,
291
previous results and present study confirmed that the scale-up of the surface discharge plasma M a n u s c r i p t
Page 11/11 could have been possible from the laboratory reactor study. This study showed that data 293 obtained for surface plasma process at laboratory scale can be used for industrial design. The removal of isovaleraldehyde was carried out on surface discharge at pilot scale with 301 high flow rates.
302
The results showed that the increment's effect of specific energy seemed to be signi cant on 303 the average removal capacity and on the overall selectivity to CO 2 . Additionally, the increase 
